The stratigraphic framework of the Upper Jurassic and Lower Cretaceous strata of Lebanon that dates back to DUBERTRET's publications required either consolidation or full revision. The preliminary results of our investigations in the Mount Lebanon region are presented here. We provide new micropaleontological and sedimentological information on the Salima Oolitic Limestones, which is probably an unconformity-bounded unit (possibly Early Valanginian in age), and the "Grès du Liban" (Barremian in age). Our revised bio-and holostratigraphic interpretations and the new age assignations lead us to emphasize the importance of the two hiatuses in the sedimentary record below and above the Salima, i.e., at the transition from the Jurassic to the Cretaceous.
Introduction
In Lebanon, uppermost Jurassic strata are carbonate rocks forming cliffs that contrast with the gentle landforms, commonly covered by stone pine (Pinus pinea) forests, of the overlying lowermost Cretaceous strata consisting of shales, unconsolidated sands, and sandstones. From our reading of DUBERTRET (1963) , the Jurassic -Cretaceous boundary corresponds to a discontinuity associated with a significant time hiatus (i.e., a hiatus equivalent to the duration of one or two stages, the Tithonian or the Tithonian and the Berriasian). We present new data regarding the transition strata between the Jurassic and the Cretaceous from Bikfaya (TO- LAND, 2000: 33°55'20"N, 35°42'40"E; 33° 55' 20.4 "N, 35°42'29.1"E), also spelled "Bikfayia", Douar (33°53'60.0"N, 35°41'42.2"E), Ain Al Soufsaf Mrouj (location not precisely known) and Jeita (33°57'18.34"N, 35°37'47.86"E) , all three in the Matn District, and Bkâatouta (33°58'08.0"N, 35°47'04.1"E) in the Keserwan District (Fig. 1 ).
Historical review
Half a century ago, the knowledge of the Upper Jurassic and Lower Cretaceous stratigraphy of Lebanon was summarized in DUBERTRET's views (1963, respectively in p. 62-77 under "Jurassique de …" and p. 92-93 under "Néoco-mien") as part of his issue of the Lexique Stratigraphique International dedicated to Lebanon. It is not obvious what the concept of "Néoco-mien" was for DUBERTRET in 1963 because there is no reference to the Barremian stage between his "Néocomien" and his "Aptien inférieur". We assumed that he included the Barremian into the Neocomian. Similarly, with respect to the Tithonian and Berriasian stages, we assumed that he considered that they are missing in Lebanon. In any case, today his work can be regarded as outdated: DUBERTRET's approach was mostly facies-driven and, on rare occasions only, his lithostratigraphic units were bounded by unconformities. In addition, the biostratigraphic information he was refering to was mostly based on macrofossils (rare ammonites, few echinids, pelecypods and brachiopods).
In contrast, before and mostly after WWII, oil exploration and production in the Middle East region led to the development of micropaleontology as a powerful alternative to resolve biostratigraphic issues that macropaleontology could not. Accordingly, it is worth mentioning the work of some lead micropaleontologists, among whom F.R.S. HENSON (1948a , 1948b ), W. MAYNC (1959 , C.D. REDMOND (1964; BANNER & WHITTAKER, 1991) , N.J. SANDER (GRANIER, 2012) , and A.H. SMOUT, for the foraminifers, as well as G.F. ELLIOTT (1968) 1-10 & 12-18) . The death of DUBERTRET in 1979 (LAMOREAUX, 1985 could have marked the beginning of a new era for Lebanese geology but the Lebanese Civil War had already started and lasted for some more years. First photomicrographs of Lebanese Jurassic microfossils correspond to calcareous algae documented by BASSON & EDGELL (1971) , followed by foraminifers documented by CHATTA (1980) for the Anti-Lebanon Range.
Indeed, DUBERTRET was also very critical regarding the use of macrofossils. For instance, when ZUMOFFEN (1926) was ascribing to the "Tithonique" stage (nota bene: probably including the Berriasian as a substage) the uppermost Salima oolitic limestones ("Calcaires de Salima") -j7 or when HEYBROEK (1942) was ascribring to the "Portlandien" the set consisting from bottom to top of the Bhannes volcano-sedimentary unit ("niveau basaltique de Bhannès") -ßj6, the Bikfaya limestones ("falaise de Bikfaya") -j6a and the Salima limestones -j7, DUBERTRET (1963, p. 114 ) stated that, nevertheless, the faunas are not diagnostic enough to allow identification of a stage ("les faunes ne sont cependant pas assez caractéristiques pour permettre de définir un étage"). Similarly when RENOUARD (1951) identified supposedly Kimmeridgian and Tithonian faunas in ßj6 and Late Tithonian faunas in both j6a and j7, DUBERTRET (1963, p. 76) concluded that the faunas RE-NOUARD listed did not ensure the accuracy of the stratigraphical information provided ("les faunes citées ne permettent pas les précisions stratigraphiques données"). One not only needs list of species but also requires the finds to be documented by photographs. One of us (TOLAND, 2000) provided the first micropaleontological evidence ("Chitinoidella insueta REHÁNEK, 1986") for the presence of Lower-Middle Tithonian strata: at that time no photomicrographs accompanied his text. Fortunately, today we shall fill this gap ( Fig.  2.A) . Besides that, a photo can point out dubious or erroneous identifications. For example, we document hereafter two cases involving Anchispirocyclina lusitanica (EGGER, 1902) Regarding the "Grès du Liban" -c1, DUBER- TRET and VAUTRIN (1937) refer to its upper part, which begins with the first fossiliferous strata ("depuis les premières couches fossilifères"), as the Lower Aptian substage (= Bedoulian stage) and its unfossiliferous lower part as the Neocomian stage. According to MASSAAD (1976, p. 86) , BISCHOFF (1963a BISCHOFF ( , 1963b BISCHOFF ( , 1964 "ascribed" the lower unfossiliferous part "mostly to the Neocomian" with an "upper limit" (…) "extended" (…) "to the Hauterivian -Barremian". Amazingly, regarding the age of the "Grès du Liban", SAINT-MARC (1980, p. 241 ) stated against all odds that the age of this unit is conventionally given as ? Barremian-Aptian ("l'âge de cette formation est classiquement déterminé comme ? Barrémien -Aptien"). We presume that this last author, a micropaleontologist, had the same reasoning as FOURCADE and MOUTY (1995) regarding the equivalent unit in the Syrian Coastal Mountain Range and ascribing it an Early Aptian (= Bedoulian) age. According to FOURCADE and MOUTY (1995) , this unit yields from its bottom both the Foraminifer Choffatella decipiens SCHLUMBERGER and the Dasycladale Salpingoporella (Hensonella) dinarica RADOIČIĆ that clearly point to an Early Aptian age ("renferme dès sa base le Foraminifère Choffatella decipiens SCHLUMBERGER et la Dasycladale Salpingoporella (Hensonella) dinarica RADOIČIĆ, qui indiquent clairement l'Aptien inférieur"). We do not question the identifications because both species can always be easily identified. However, we do question the age assignment. As a matter of facts, if Choffatella gr. decipiens (see Pl. 2, figs. 1-3) does range up to the Upper Aptian (GRANIER & BUSNARDO, 2013) , "It probably starts in the Valanginian because it may derive from Choffatella pyrenaica PEYBERNÈS, 1976 " (MAKSOUD et al., 2014 . In addition, the total range of Salpingoporella (Hensonella) dinarica is (? Tithonian -) Berriasian to Albian (GRANIER, 2002) . In conclusion, except for the upper boundary of the "Grès du Liban", which is Late Barremian in age (MAKSOUD et al., 2014 (MAKSOUD et al., , 2016 MAKSOUD, 2015; GRANIER et al., 2015) , the age of the lower boundary and the duration of the unit remain unknown.
New finds

2A) Matn District, Beyrouth 1/50,000 geological map (DUBERTRET, 1951)
The Bikfayia section, almost 150m thick, was originally measured by one of us (TOLAND, 2000) near Zighrine (33°55'20"N, 35°42'40"E). Sample /thin section/ numbering is given in meters. It consists from base to top of: (ŘEHÁNEK, 1986) (Fig.  2.A) , a marker for the Lower-Middle Tithonian. Various incertae sedis (Fig. 2.B & D-F) , including the long-ranging forms, cf. Gemeridella minuta BORZA & MIŠÍK, 1975 (Fig. 2.E), and cf. Stomiosphaera echinata NO-WAK, 1968 (Fig. 2.D (STRASSER, 1986; GRANIER, 1994 GRANIER, , 1995 GRANIER, , 2014 fig. 18 ) with some quartz silt. Quartz is the "fossil" marker for the "Grès du Liban". Calcareous grains, e.g., echinoderm remains (Pl. 3, fig. 17 ), possibly reworked from the underlying unit, are commonly dissolved; • 126.5-140m: a hiatus corresponding to a "recessive weathering profile" (TOLAND, 2000) probably dominantly shaly. In other places, it may be a sandstone (Fig. 4) ; • 140-151.1m (end of the section): oolitic limestones with some quartz sand. The ooid cortices are of the concentric to micritic type (STRASSER, 1986; GRANIER, 1994 GRANIER, , 1995 GRANIER, , 2014 ; the nuclei are bioclasts, extraclasts (Pl. 3, fig. 20 ), calcareous micritized, ? rhyolitic-quartz and ferruginous grains. There is no age diagnostic microfossil in this interval. It is worth mentioning that a sample at 140m is brecciated with open fractures filled in by micrite (Pl. 3, fig. 19 ). The fracturing took place after drusy phreatic cementation and long after early fibrous marine cementation. Limestones at the bottom of the "Grès du Liban" are arrowed. j6a: "falaise de Bikfaya", j7: ""Calcaires de Salima", c1: "Grès du Liban"; B) Detail view of the limestones at at the bottom of the "Grès du Liban", which are gently dipping eastward (N160°E, 15°E).
[hammer for scale] The upper boundary of the Salima Oolitic Limestones, i.e., the lower boundary of the "Grès du Liban", is a sharp surface with locally well preserved karstic features (possible former fractures enlarged by adjacent meteoric dissolution on their walls in the country limestone) as, for instance, 2.5 km southwestward (33°53' 60.0"N, 35°41'42.2"E) near Douar (Fig. 5 ). An issue still to be clarified concerns the lower boundary of the Salima Oolitic Limestones and a side issue concerns the age of this unconformity-bounded unit. We assume that this lower boundary probably marks a significant downward shift of facies, i.e., a huge relative sea-level fall followed by a transgression. The best candidate sequence on the chart of P. VAIL and co-workers is the Early Valanginian one, because it is sandwiched between two huge forced regressions and associated with the earliest major Cretaceous transgression. On the opposite side of the Arabian plate, in the United Arab Emirates, it corresponds to the Zakum(-ian) regional stage .
2B) Keserwan District, Zahlé 1/50,000 geological map (DUBERTRET & RENOUARD, 1953)
There are few limestone intercalations in the "Grès du Liban"; marine limestones in its fossiliferous upper part (e.g., "Banc de Mréjatt" of HEYBROEK, 1942), palustrine or lacustrine limestones in its lower part (e.g., "Calcaire à pisolithes" of HEYBROEK, 1942; GRANIER et al., 2015) . In the Bkâatouta section (33°58'08.0"N, 35° 47'04.1"E), the "Grès du Liban" (the whole interval comprised between the Salima Oolitic Limestones below and the Jezzinian limestones above) exceeds 300m in total thickness. Approximately ten meters above its lower boundary, in a similar setting as that of the Bikfayia section, one of us (R.G.) found several metric beds made of marine limestones (Fig. 6 ). This time, however, the limestones do not consist of ooid grainstones but of bioclastic mud-and wackestones. Note that such occurrences of marine limestones in both localities may look like anomalies because the lower part of the "Grès du Liban" was supposedly unfossiliferous and nonmarine. Here the larger grains are foraminifers, commonly forming the coated nuclei of oncoids. The microfossil assemblage consists of Frentzenella odukpaniensis (DESSAUVAGIE, 1968) and various Coscinoconus sp., among which is a low-spired morphospecies (Pl. 5, figs. 1-4 & 9-10) similar to those found in the Salima Oolitic Limestones and a high-spired one (Pl. 5, figs. 14-18 & 20) . In addition, we identified a large benthic foraminifer, Balkhania balkhanica MAMONTOVA, 1966 (Fig. 7; Pl. 5, fig. 21 , 1970 , and Pseudochoffatella DELOFFRE, 1976 (non 1961 . These monospecific taxa are respectively Bathonian and Late Aptian-Early Albian in age whereas Balkhania is Barremian-Early Aptian (= Bedoulian) in age; • so far, it was only known from Afghanistan, Iran and Turkmenistan, on the northern margin of the Neotethys (TAHERPOUR KHALIL ABAD et al., 2013) . The Lebanese find is the first record on the southern margin of the Tethys; • this species enables us to ascribe a Barremian age to the whole "Grès du Liban" in the studied area.
Conclusions
In the Matn District, the Bikfaya Limestones fall into the Upper Kimmeridgian -Tithonian interval. In the unnamed unit above them, TOLAND (2000) identified Cylindrella insueta (ŘE-HÁNEK, 1986), the first and only evidence for an Early-Middle Tithonian age. The next unit, i.e., the Salima Oolitic Limestones, is most likely Early Valanginian in age, a "working" hypothesis in need of consolidation:
A) if it proves to be correct, i.e., if the Salima Oolitic Limestones are Early Valanginian in age, the Jurassic-Cretaceous boundary would be at the Salima lower unconformity with a time gap equivalent at least to the duration of the Berriasian stage; Figure 8 : The several interpretations of the hiatuses at the Jurassic-Cretaceous transition. Our interpretation of DUBERTRET's view is given in the first column (see comments in the chapter "Historical review"). Our favorite option, is by far option A, in the second column; however, options B1 and B2, in the third and fourth columns respectively, should not be totally excluded. Caption: "Jur. sup." = "Jurassique supérieur" ; "Apt. inf." = "Aptien inférieur" ; "Apt. sup." = "Aptien supérieur". B) if we are wrong, the Salima Oolitic Limestones will fall into the Upper Tithonian -Berriasian interval, excluding the Valanginian. At this point there are two secondary options to consider: 1) the Salima Oolitic Limestones are Late Tithonian in age and the Jurassic-Cretaceous boundary is then located at the Salima upper unconformity; 2) these limestones are Berriasian in age and the boundary is then located at the Salima lower unconformity. In any case, the time gap associated to the Salima lower unconformity would be shorter than the duration of a stage.
Regarding the last unit, i.e., the "Grès du Liban", there are no age-diagnostic microfossil in the oolitic grainstones found at the bottom of this unit in the Bikfayia section (Matn District).
In contrast, in the Keserwan District, the bioclastic wackestones found at the bottom of the "Grès du Liban" in the Bkâatouta section yield the foraminifer Balkhania balkhanica MA-MONTOVA, 1966, a marker for the BarremianLower Aptian (= Bedoulian) interval. Consequently, because the overlying unit, i.e., the Jezzinian, is latest Barremian and earliest Aptian (= early Bedoulian) in age the whole "Grès du Liban" can be correlated with the Barremian stage! Considering the previous "working" hypothesis with respect to the Salima upper unconformity, there are several options (Fig. 8): A) the hiatus would be equivalent at least to the duration of the Late Valanginian substage and the Hauterivian stage (our favorite option);
B-1) it would be equivalent at least to the duration of the Berriasian, Valanginian and Hauterivian stages;
B-2) it would be equivalent at least to the duration of the Valanginian and Hauterivian stages.
To summarize, we can state that both discontinuities, lower and upper, that bind the Salima Oolitic Limestones, correspond to two significant hiatuses, which contrasts with the earlier hypothesis of a single discontinuity with a hiatus spanning at least the Tithonian and possibly the Berriasian.
The lower part of the "Grès du Liban" was supposely nonmarine and unfossiliferous but it is comprised of marine and fossiliferous strata near its base. The new dating of the "Grès du Liban" in Mount Lebanon, i.e., a Barremian age, leads us to better constrain the age of the socalled "Early Cretaceous extension" and of the related magmatic events in the Levant area. As a side result of our study, the age of the amber with biological inclusions found in the "Grès du Liban" is restricted to the Early Barremian, with reworking in Late Barremian times, not Early Barremian and possibly older as up until very recently envisaged (MAKSOUD et al., 2016) .
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